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Description 

The  invention  concerns  a  system  which  allows 
to  automatically  compensate  the  transversal  oscilla- 
tion  of  the  scanning  plane  in  a  laser  scanner  for 
profile  measurement  by  means  of  a  method  allow- 
ing  to  reduce  the  time  needed  to  take  the  profile  of 
any  piece  or  of  a  detail. 

JP-A-60  235  114  describes  the  correction  of 
pitch  irregularity  due  to  surface  inclination  of  a 
polygon  mirror  using  a  half-mirror  and  an  asso- 
ciated  position  detector  with  an  associated  control 
circuit. 

As  it  is  known,  to  take  the  profile  of  an  object  it 
is  necessary  to  gauge  the  vertical  coordinates 
(height,  diameter,  etc.)  of  the  profile  points  cor- 
responding  to  a  number  of  horizontal  coordinates, 
gauged  starting  from  a  certain  original  point  appro- 
priately  chosen. 

In  the  laser  scanner  mentioned  in  the  patent 
application  filed  in  Italy  under  No.82809  A/83  sub- 
mitted  by  the  applicant  of  the  hereby  patent,  the 
measurement  of  vertical  coordinates  is  carried  out 
by  means  of  a  vertical  scan  laser  gauge  (object  of 
the  patent  application  filed  in  Italy  under  No.82817 
A/82  also  submitted  by  the  applicant).  The  mea- 
surement  of  the  horizontal  coordinate  is  made  be 
means  of  a  linear  encoder  mounted  on  a  piece- 
holding  slide,  which  moves  the  piece  in  a  direction 
perpendicular  to  the  scanning  plane  of  the  laser 
beam.  The  values  of  vertical  and  horizontal  coordi- 
nates,  read  by  the  scanner  and  by  the  linear  en- 
coder  respectively,  are  entered  and  appropriately 
processed  as  input  data  in  a  separate  computer 
and  they  supply  different  profile  characteristics. 

A  speed,  an  accuracy  and  a  flexibility  in  the 
profile  gauging  unimaginable  by  conventional  tech- 
niques  are  achieved  by  means  of  this  instrument; 
yet,  the  scanner  has  some  limits  which  derive  from 
imperfections  of  some  opto-mechanical  compo- 
nents  of  the  laser  gauge.  It  is  referred  particularly, 
to  the  rotating  polygonal  mirror,  the  facets  of  which 
have  a  certain  error  in  the  parallelism  in  compari- 
son  with  the  axis  of  rotation  of  the  mirror  itself  and 
to  the  inevitable  mechanical  backlash  of  ball  bear- 
ings  supporting  the  axis  of  rotation  of  the  mirror. 

Taking  into  consideration  that  the  mirror  is, 
usually,  integral  with  a  flywheel  (this  because  the 
measurement  accuracy  of  the  profile  vertical  co- 
ordinate  depends  on  the  constancy  of  rotation 
speed),  it  appears  that  the  mechanical  backlash  of 
ball  bearings  causes  a  precession  motion  of  the 
mirror-flywheel  assembly,  around  the  geometrical 
axis  of  the  ball  bearings. 

The  above  reasons  (non-parallelism  of  facets 
and  precession  motion)  cause  deviations  of  the 
scanning  plane  in  correspondence  to  any  scan  of 
the  laser  beam;  these  deviations  are  in  the  region 

of  a  hundredth  of  a  millimetre  and  imply  an  equal 
error  in  the  measurement  of  horizontal  coordinates. 

It  is  not  easy  to  limit  such  error  by  affecting 
directly  the  causes  which  determine  it  and  it  im- 

5  plies  remarkable  costs  or  restrictions  in  the  instru- 
ment  potentials. 

In  fact,  in  order  to  compensate  the  imperfect 
parallelism  of  the  polygonal  mirror  facets,  only  one 
facet  is  made  reflecting,  or  a  single-faced  mirror  is 

io  used;  however  this  causes  a  reduction  in  the  scan- 
ning  frequence  and,  therefore,  a  lengthening  of 
gauging  times. 

Another  solution  which  was  also  envisaged  in 
the  patent  application  filed  in  Italy  under  No.82809 

75  A/83  is  the  adoption  of  a  mirror  having  faces  sepa- 
rately  adjustable,  however  this  implies  a  very  high 
manufacturing  cost  without  eliminating  the  motor 
shaft  backlash  effect. 

The  purpose  of  the  present  invention  is  to 
20  determine  which  is  the  real  position  of  the  scanning 

plane,  by  making  the  needed  correction  in  the 
horizontal  coordinate  gauged  by  the  linear  encoder. 

This  purpose  is  achieved  by  the  hereby  inven- 
tion,  which  solves  the  previously-mentioned  prob- 

25  lems  by  using  a  reference  element  consisting  in:  a 
triangular  plate  integral  with  the  laser  gauge  and 
positioned  preferably  in  such  a  way  that  a  side  is 
perpendicular  to  the  scanning  plane  and  another 
side  is  inclined  in  comparison  with  the  same  by  a 

30  known  angle; 
or  by  a  mask,  preferably  triangular,  photengraved 
onto  a  plane-parallel  glass  plate  being  the  last 
element  of  the  optical  chain  or  onto  the  scan  lens; 
or  by  a  pin  having  the  shape  of  a  truncated  cone, 

35  integral  with  the  laser  gauge  and  positioned  prefer- 
ably  so  as  to  have  its  axis  perpendicular  to  the 
scanning  plane  and  having  a  known  angle  at  the 
vertex  or  a  known  conicity. 

This  reference  element  allows  to  correlate  the 
40  lenght  of  the  vertical  segment  originated  by  the 

intersection  between  the  scanning  plane  and  the 
reference  element  cross-section,  with  the  scanning 
plane  horizontal  deviation. 

The  advantages  achieved  by  means  of  the 
45  hereby  invention  lie  in  that,  by  means  of  anyone  of 

the  above-mentioned  reference  element  it  is  possi- 
ble  to  solve  the  previously-mentioned  problems  in 
a  way  which  is  cheaper  than  the  partial  or  total 
reduction  of  reasons  causing  the  deviation  of  the 

50  scanning  plane,  without  affecting  the  accuracy  of 
final  result; 
furthermore,  a  reduction  of  the  gauging  times  are 
achieved. 

The  invention  will  be  better  understood  by 
55  reading  the  explanation  of  an  execution  example, 

illustrated  in  the  attached  sketches,  which  de- 
scribes  the  working  principle  of  the  invention  and 
how  it  is  possible,  by  means  of  the  same,  to 
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correct  the  horizontal  coordinate  supplied  by  the 
linear  encoder,  thanks  to  the  use  of  a  reference 
element  consisting  in  a  plate  (for  example  triangu- 
lar). 

Figure  1  shows  how  the  above-mentioned  ref- 
erence  element  is  positioned  in  comparison  with 
the  vertical  scanning  plane  and  with  the  horizontal 
movement  axis  of  the  piece. 

More  precisely  the  main  component  is  the  tri- 
angular  plate  1  integral  with  the  laser  gauge  and 
positioned  in  such  a  way  that  it  is  contained  in  a 
vertical  plane  perpendicular  to  the  scanning  plane 
and  has  side  2  perpendicular  to  the  same  scanning 
plane;  consequently  side  3  of  the  triangular  plate  1 
becomes  inclined  of  angle  a  in  comparison  with  the 
horizontal  axis  4  of  piece  5. 

The  triangular  plate  1  is  also  contained  within 
the  measuring  range  of  the  laser  gauge,  that 
means  that  its  vertical  dimensions  are  within  the 
upper  limit  6  and  the  lower  limit  7  of  track  8  of  the 
scanning  plane  swept  by  the  laser  beam. 

For  the  rest  the  scanner  is  not  different  from 
what  described  in  the  patent  application  filed  in 
Italy  under  No.  82809  A/83,  except  for  the  fact  that 
the  laser  gauge  is  provided  with  a  rotating  poly- 
gonal  mirror,  all  the  facets  of  which  are  reflecting. 

The  mirror  facets  pyramidal  error  (parallelism 
error  with  respect  to  motor  axis)  and  the  motor  axis 
backlash  imply  a  deviation  of  the  scanning  plane 
which  is  compensated  by  the  hereby  described 
method. 

That  being  said,  the  measure  of  the  transversal 
deviation  of  the  scanning  plane  is  gauged  by  the 
hereby-described  reference  element  according  to 
the  following  principles. 

In  the  first  laser  scanning  the  scanning  plane 
takes  a  certain  position  in  comparison  with  the 
triangular  plate  1,  which  in  figure  1  is  shown  by 
track  9  of  the  same  scanning  plane.  During  this  first 
scanning,  corresponding  to  a  horizontal  coordinate 
x0  to  be  considered  as  the  first  reference,  the  plate 
height  h0  and,  of  course,  the  profile  vertical  coordi- 
nate  are  gauged. 

During  a  general  scanning,  the  piece  will  be 
moved  by  a  certain  horizontal  coordinate  Xi  - 
(measured  starting  from  the  first  one  x0)  which  is 
gauged  by  the  linear  encoder,  whereas  the  scan- 
ning  plane  will  have  a  track  not  necessarily  cor- 
responding  with  track  9  of  the  first  scanning  plane; 
the  scanning  plane  having  track  8  shown  in  figure  1 
can  serve  as  an  example.  The  plate  height  hi  and 
the  profile  vertical  coordinate  are  measured  in  this 
scanning  too.  However  the  actual  horizontal  coordi- 
nate  cannot  have  the  same  value  as  coordinate  Xi 
measured  by  the  linear  encoder.  This  value  must 
be  corrected  by  a  factor  of: 

h0  —  h i  

tg  a. 

5 
for  this  reference  element. 

In  particular  if  it  is  chosen  a  =  45  °  the  correc- 
tion  to  make  is  simply  h0  -  hi. 

Thanks  to  this  reference  elements  it  is  possible 
io  to  get  the  correct  values  of  horizontal  coordinates: 

xie  =  +  ho  -  

tg  «. 
15 

or  xie  =  Xi  +  (h0  -  hi  )  in  the  particular  case  that  a 
=  45°. 

20  Claims 

1.  A  method  of  automatically  compensating  trans- 
versal  oscillations  of  the  scanning  plane  in  a 
laser  scanner  for  profile  measurement  by 

25  means  of  a  reference  element,  which  oscilla- 
tions  cause  error  in  measurements  of  the  ac- 
tual  horizontal  work  piece  position;  said  meth- 
od  comprising  the  steps  of  : 

a)  placing  the  reference  element  having  a 
30  known  geometrical  shape,  fixed  to  the  laser 

scanner  body,  across  said  laser  scanning 
plane; 
b)  measuring  said  reference  element  and 
said  work  piece,  the  profile  of  which  is  to  be 

35  measured,  in  a  first  single  scan  of  said  laser 
scanner.  The  intersection  of  this  scan  plane 
with  the  workpiece  axis  determinates  the 
origin  of  the  horizontal  coordinates; 
c)  second  measuring  of  said  reference  ele- 

40  ment  and  said  workpiece  in  a  second  single 
scan  of  said  laser  scanner; 
d)  determining  the  horizontal  coordinate 
measuring  error  by  multiplying  the  differ- 
ence  between  said  first  and  second  refer- 

45  ence  element  measurements  by  a  known 
function  which  describes  the  scanning  plane 
horizontal  displacement  vs.  the  lenght  of  the 
reference  element  vertical  segment  cut  by 
the  scanning  plane  itself; 

50  e)  adding  said  scanning  plane  position  error 
to  the  longitudinal  coordinate  read  by  a  lin- 
ear  encoder; 
f)  proceeding  in  the  same  way  for  each 
following  scan  in  order  to  obtain  the  whole 

55  object  corrected  profile  measurement  de- 
spite  the  error  of  said  scanning  plane  posi- 
tion; 

wherein  the  reference  element  has  a  geometri- 

3 
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cally  known  shape  and  consists  of: 
-  a  triangular  plate  (1)  integral  with  the 

laser  scanner; 
-  or  a  triangular  mask  integral  with  the 

laser  scanner; 
-  or  a  pin  in  the  shape  of  a  truncated  cone 

integral  with  the  laser  scanner. 

2.  A  method,  according  to  claim  1,  wherein  one 
side  of  a  triangular  main  cross  section  of  said 
reference  element  perpendicular  to  the  laser 
beam  is  preferably  perpendicular  also  to  the 
scanning  plane  of  the  profilometer  and  a  sec- 
ond  side  is  tilted,  with  respect  to  the  scanning 
plane,  by  a  known  angle  or,  if  one  or  both 
sides  of  this  main  cross  section  are  not 
straight,  they  have  a  known  shape. 

3.  A  method,  according  to  one  of  the  previous 
claims,  wherein  the  horizontal  coordinates 
reading  errors  induced  by  scanning  plane  os- 
cillations  parallel  to  the  plane,  mainly  produced 
by  the  scanner  motor  shaft  backlash  and  by 
the  parallelism  error  between  the  polygonal 
mirror  different  facets  and  the  rotational  axis, 
are  automatically  corrected  by  measuring  the 
dimension  in  the  scanning  direction  of  said 
reference  element. 

Patentanspruche 

1.  Ein  Verfahren  zum  automatischen  Ausgleich 
von  Querschwingungen  der  Abtastebene  eines 
Laserscanners  zur  Profilmessung  mit  Hilfe  ei- 
nes  Bezugselements;  Schwingungen,  die  feh- 
lerhafte  Messungen  der  tatsachlichen  horizon- 
talen  Lage  des  Werkstucks  verursachen;  wobei 
besagtes  Verfahren  folgende  Schritte  umfaBt: 

a)  Anbringen  des  -  am  Laserscanner-Ge- 
hause  befestigten  -  Bezugselements  mit  ei- 
ner  bekannten  geometrischen  Form  gegen- 
uber  besagter  Laser-Abtastebene; 
b)  Messung  des  besagten  Bezugselements 
und  des  besagten  Werkstucks,  dessen  Pro- 
fil  zu  messen  ist,  mit  einer  ersten  einfachen 
Abtastung  des  besagten  Laserscanners.  Der 
Schnittpunkt  dieser  Abtastebene  mit  der 
Werkstuckachse  bestimmt  den  Ausgangs- 
punkt  der  horizontalen  Koordinaten; 
c)  zweite  Messung  des  besagten  Bezugs- 
elements  und  des  besagten  Werkstucks  mit 
einer  zweiten  einfachen  Abtastung  des  be- 
sagten  Laserscanners; 
d)  Bestimmung  des  MeBfehlers  der  horizon- 
talen  Koordinate  durch  Multiplikation  der 
Abweichung  zwischen  erster  und  zweiter 
Messung  des  Bezugselements  mit  einer  be- 
kannten  Funktion,  die  die  Querverschiebung 

der  Abtastebene  gegenuber  der  Lange  des 
Vertikalsegments  des  Bezugselements  be- 
schreibt,  das  von  der  Abtastebene  selbst 
geschnitten  wird; 

5  e)  Addition  besagter  Abweichung  der  Ab- 
tastebene  zu  der  von  einem  linearen  Mel3- 
wertgeber  gelesenen  Langskoordinate; 
f)  Gleiche  Vorgehensweise  fur  jede  weitere 
Abtastung,  urn  trotz  besagter  Positionsab- 

io  weichung  der  Abtastebene  die  korrigierte 
Profilmessung  des  ganzen  Werkstucks  zu 
erhalten; 

wobei  das  Bezugselement  eine  geometrisch 
bekannte  Form  hat  und  aus  folgender  Vorrich- 

15  tung  besteht: 
-  eine  fest  in  den  Laserscanner  integrierte 

dreieckige  Platte  (1); 
-  oder  eine  fest  in  den  Laserscanner  inte- 

grierte  dreieckige  Schablone; 
20  -  oder  ein  fest  in  den  Laserscanner  inte- 

grierter  Bolzen  in  Form  eines  stumpfen 
Kegels. 

2.  Ein  Verfahren  gemaB  Anspruch  1,  wobei  eine 
25  Seite  eines  senkrecht  zum  Laserstrahl  verlau- 

fenden,  dreieckigen  Hauptquerschnitts  (des  be- 
sagten  Bezugselementes)  nach  Moglichkeit 
auch  senkrecht  zur  Abtastebene  des  Profilmes- 
sers  verlauft  und  die  zweite  Seite  in  einem 

30  bekannten  Winkel  zur  Abtastebene  geneigt  ist, 
oder  wenn  eine  oder  beide  Seiten  dieses 
Hauptquerschnitts  nicht  gerade  sind,  diese 
eine  bekannte  Form  haben. 

35  3.  Ein  Verfahren  gemaB  einem  der  vorgenannten 
Anspruche,  wobei  die  Lesefehler  der  horizonta- 
len  Koordinaten,  die  vor  allem  auf  die  durch 
das  Spiel  der  Scanner-Antriebswelle  und  die 
mangelnde  Parallelitat  zwischen  den  vielecki- 

40  gen  Spiegelseiten  und  der  Drehachse  parallel 
zur  Ebene  verursachten  Schwingungen  der  Ab- 
tastebene  zuruckzufuhren  sind,  durch  Messung 
des  besagten  Bezugselements  in  Abtastrich- 
tung  automatisch  korrigiert  werden. 

45 
Revendicatlons 

1.  Une  methode  pour  compenser  automatique- 
ment  les  oscillations  transversales  du  plan  de 

50  balayage  d'un  scanneur  a  laser  pour  la  mesure 
du  profil  au  moyen  d'un  element  de  reference, 
oscillations  qui  sont  a  I'origine  des  erreurs 
dans  la  mesure  de  la  position  horizontale  reelle 
de  la  piece  en  cours  de  travail;  la  susdite 

55  methode  prevoyant  de: 
a)  placer  I'element  de  reference  ayant  une 
forme  geometrique  connue,  solidaire  du 
corps  du  scanneur  a  laser,  dans  le  susdit 

4 
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plan  de  balayage  du  laser; 
b)  mesurer  le  susdit  element  de  reference 
et  la  piece  dont  le  profil  est  a  mesurer,  par 
un  premier  balayage  du  susdit  scanneur  a 
laser.  L'intersection  entre  ce  plan  de  balaya-  5 
ge  et  I'axe  de  la  piece  determine  le  point 
origine  des  coordonnees  horizontales; 
c)  mesurer  une  deuxieme  fois  I'element  de 
reference  et  la  susdite  piece  par  un  deuxie- 
me  balayage  du  susdit  scanneur  a  laser;  10 
d)  calculer  I'erreur  de  mesure  de  la  coordo- 
nee  horizontale  en  multipliant  la  difference 
entre  la  premiere  et  la  deuxieme  mesure  de 
I'element  de  reference  par  une  fonction 
connue  decrivant  le  deplacement  horizontal  is 
du  plan  de  balayage  par  rapport  a  la  lon- 
gueur  du  segment  vertical  de  I'element  de 
reference  qui  s'ecarte  du  plan  de  balayage 
lui-meme; 
e)  ajouter  cette  erreur  de  position  du  plan  20 
de  balayage  aux  coordonnees  longitudinales 
relevees  par  un  transducteur  lineaire; 
f)  proceder  de  la  meme  maniere  pour  cha- 
que  balayage  successif  de  fagon  a  obtenir 
la  mesure  corrigee  du  profil  de  I'objet  tout  25 
entier  malgre  I'erreur  dans  la  position  du 
susdit  plan  de  balayage; 

cette  methode  est  caracterisee  par  la  presence 
d'un  element  de  reference  ayant  une  forme 
geometrique  connue  consistant  en:  30 

-  une  plaque  triangulaire  (1)  solidaire  du 
scanneur  a  laser; 

-  or  une  masque  triangulaire  solidaire  du 
scanneur  a  laser; 

-  or  une  goupille  tronconique  solidaire  du  35 
scanneur  a  laser. 

mension  du  susdit  element  de  reference  dans 
la  direction  de  balayage. 

2.  Une  methode,  selon  la  revendication  1,  dans 
laquelle  une  cote  de  la  coupe  transversale 
principale  triangulaire  du  susdit  element  de  40 
reference  perpendiculaire  au  rayon  laser  est 
de  preference  perpendiculaire  aussi  au  plan  de 
balayage  du  profilometre,  et  une  deuxieme 
cote  est  inclinee,  par  rapport  au  plan  de  ba- 
layage,  d'un  angle  connu  ou  bien,  si  une  ou  45 
les  deux  cotes  de  la  coupe  transversale  princi- 
pale  ne  sont  pas  rectilignes,  elles  ont  une 
forme  connue. 

3.  Une  methode,  selon  une  des  revendications  so 
precedentes,  dans  laquelle  les  erreurs  de  lec- 
ture  des  coordonnees  horizontales  determi- 
nees  par  les  oscillations  du  plan  de  balayage 
paralleles  au  plan,  dues  principalement  au  jeu 
de  I'arbre  du  moteur  du  scanneur  et  a  I'erreur  55 
de  parallelisme  entre  les  differentes  facettes 
du  miroir  polygonal  et  I'axe  de  rotation,  sont 
automatiquement  corrigees  en  mesurant  la  di- 
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